.

. AD-A257 523
TGAL 5202 - [HRRBR AR

SOURCE MULTIPLICITY EXAMINED WITH
MINIMUM ENTROPY DECONVOLUTION

[. H. Henson and R. K. Cessaro

Teledyne Geotech Alexandria Laboratories
314 Montgomery Street
Alexandria, Virginia 22314-1581

APRIL 1992

SEMI-ANNUAL REPORT: No. 1 (23 August 1991 - 4 April 1992)

ARPA ORDER NO.: 6731
PROJECT TITLE: Multichannel Minimum Entropy Deconvolution
CONTRACT NO.: F29601-91-C-DB02

Approved for Public Release; Distribution Unlimited

Prepared for:

PHILLIPS LABORATORY
KIRTLAND AFB, NM 87117-5320 DT

ﬂ cl.ECTE
Monitored by: ool NOV12 1992
DEFENSE ADVANCED RESEARCH PROJECTS AGENCY o

NUCLEAR MONITORING RESEARCH OFFICE Tlg E

3701 NORTH FAIRFAX DRIVE

ARLINGTON, VA 22203-1714

The views and conclusions contained in this report are those of the authors and should not be interpreted as
representing the official policies, either expressed or implied, of the Defense Advanced Rescarch Projects
Agency or the U.S. Government.

92-29288

o
CELEEETTT 0!

T m e



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of Information 15 estimated to average | hour per response, including the ime for reviewing Instructions, searching existing data sources,
gathering and mantaining the data needed. and completing and reviewtng the collection of intormation  Send comments re. arding this burden estimate or any other aspect of this
collection of information, inciuding suggestions tor reducing this burden. to washington Headquarters Services. Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington,. VA 22202-4302. and to the Otfice of Management and Budget, Paperwork Reduction Project (0704-0188), washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE

4 April 1992

3. REPORT TYPE AND DATES COVERED
Technical Report, 23 Aug 1991 - 4 Apr 1992

4. TITLE AND SUBTITLE

Source Multiplicity Examined with Minimum Entropy Deconvolution

6. AUTHOR(S)

I. H. Henson and R. K. Cessaro

S. FUNDING NUMBERS

Contract F29601-91-C-DB02

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Teledyne Geotech Alexandria Laboratory
314 Montgomery Street
Alexandria, VA 22314-1581

8. PERFORMING ORGANIZATION
REPORT NUMBER

TGAL-92-02

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

DARPA-NMRO
3701 N. Fairfax Drive #717
Arlington, VA 22203—1714

Phillips Laboratory (PL/PKRC)
Kirtland AFB, NM 87117-5320

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for Public Release; Distribution Unlimited

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

This report contains the preliminary results of a study to determine the usefulness of
minimum entropy deconvolution in detecting seismic source multiplicity and its potential for
discriminating ripple-fired explosions from other seismic events. Several specific examples of its
application to data known or suspected to be from commercial explosions are presented. The
method’s ability to detect regional phase arrivals as well as source multiplicity is discussed.

14. SUBJECT TERMS

source multiplicity, deconvolution

15. NUMBER OF PAGES
15

16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

OF ABSTRACT
Unclassified

19. SECURITY CLASSIFICATION

20. LIMITATION OF ABSTRACT

UL

NSN 7540-01-280-5500

Standard Form 298 (Rev 2-89)
Prosenibed by ANSE Std 739018
98102




Teledyne Geotech F29601-91-C-DB04 23 August 1991 - 4 April 1992

1. OBJECTIVES

The contractor’s objective in the first year is to develop a technique, based on
minimum entropy deconvolution (MED), useful for discriminating ripple-fired explosions
from other seismic events.

2. PROGRESS

. An interactive X-Windows program, using modules developed for the Nuclear Moni-
toring Research and Decelopment (NMRD) initiative, has been developed to analyze the
effects of MED filters on explosion data. Using this program, we have started to evaluate
the effects of the use of various parameters in the problem: filter length, damping
coefficient, data window position and length. The algorithm for generating an MED filter
is based on an iterative search for the local minimum of a specific norm of the windowed
data. The program permits interactive analysis and evaluation of the evolution of the
filter, as well as its effect on the data, after each iteration by visual monitoring and inter-
cession. We have found that the "best" filter is frequently encountered before a local
minimum is reached.

We have examined signals from the Soviet/NRDC database. The sample rate for
these data is 250sps, and many events are believed to be commercial explosions. In one
example, a particular linear filter was found which transforms the data segment (Figure 1a)
into a series of irregularly spaced impulses (Figure 1b). These impulses have interphase
arrival delays of the correct order of magnitude for regional phases at this distance. Note
that the time separations between the doublets are uniform (Figure 2).

The data analyzed from the Soviet/NRDC database were recorded with high-gain sur-
face instruments. Figure la shows data recorded at station Karkaralinsk (KK) for an event
at (499N, 73.1E), at a distance of 1.6 degrees. The data window shown is approximately
6.0 seconds of data, starting just before the Pg arrival. A 2.8-second (700 point) MED
filter was generated for this data window. The filtered data is shown in Figure 1b. The
MED algorithm does not constrain the phase of the filter, and the output of the filter
operation is therefore time shifted by an arbitrary amount. The filtered data contains four
dominant spikes, with time separations of .34 sec, .16 sec and .52 sec. Three of the spikes
appear as doublets, uniformly separated by 47 msec, suggesting source multiplicity.

We obtained data at the end of the second quarter from a recent known quarry blast
in Oklahoma, along with a description of the shot geometry and delay times. The shot
description is shown in Figure 3. The typical shot delay time is approximately 8msec.
Since the data sample rate is 60sps (16.67msec sample interval), we can not deconvolve
the individual shots in this case. Figure 4 shows a spectrogram of the first 1.5 seconds of
a signal from the quarry blast, recorded with a borehole instrument approximately 32km
from the quarry. There are two prominent spectral lines at approximately 42msec
(23.8Hz) and 59msec (16.9hz), which would appear to be directly related to the shot delay
times.

Figure 6 shows the effect of a 50 sample MED filter on the first 1.2 seconds of the
signal, as shown in Figure 5. The deconvolved signal contains 4 spikes with time
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Figure 1. a) Vertical component record from station KK for an event at (49.9N, 73.1E),
Mar 20,1987, 08:07:41. b) The same data filtered with a 750 point filter.

seconds

Figure 2. The deconvolved signal from Figure 1b enlarged to show the doublet nature of
the impulses.
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separations of 52 msec, 119 msec, and 580 msec. This result may be related to the source
multiplicity.

3. FUTURE PLANS

Further analysis of the data sets with which we are currently working should deter-
mine whether any of the impulse signals we obtain with the MED filter are related to
regional phase arrivals. We intend to acquire data from known quarry explosions, sam-
pled at a higher rate than the data with which we are currently working, to test further the
usefulness of this method in detecting source multiplicity.
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